Background and ObjectiveaaWe aimed to compare the differences in the subjective and objective sleep quality, and quality of life (QOL) according to the duration and timing of exercise in community-dwelling adults, and to compare these between the exercise group (EG) and non-exercise group (non-EG) in insomnia patients. MethodsaaWe recruited 223 volunteers (EG: n = 119, age: 60.8 ± 12.8 years; non-EG: n = 104, age 61.6 ± 13.3 years), who visited to 3 Public Health Centers in a rural area of South Korea. The Pittsburgh Sleep Quality Index (PSQI), Korean version of Epworth Sleepiness Scale (KESS), and Short Form-12 Health Survey Questionnaire (SF-12) were administered for each subject. Actigraphy (Actiwatch-2, Philips Respironics Co.) recording was done for 7 days at home, and we included the data of 183 subjects in our analysis. We compared the scores of questionnaires and objective sleep parameters according to the duration and timing of exercise, and compared these between the EG and non-EG in insomnia patients. resultsaaPhysical component summary (PCS) scores in SF-12 were higher in the EG for more than 60 minutes per day. In the subjects with outdoor exercise, the afternoon EG had lower PSQI scores and higher KESS scores. In insomnia patients, PCS scores in the EG was higher than those of the non-EG. ConclusionsaaCommunity-dwelling adults who exercised for more than one hour showed higher physical QOL compared to those for less than one hour. Insomnia patients who exercised also showed higher physical QOL. In outdoor exercise, afternoon exercise would be beneficial for subjective sleep quality than morning exercise.
INTRODUCTION
Insomnia is the most common sleep disorder, and its prevalence has been reported between 9% and 15% of the general population [1] . Insomnia often occurs with various psychiatric and medical disorders including depression, drug abuse and hypertension. It is also known to be a risk factor for those conditions [2] . It has been reported that daytime consequences of insomnia led to a worsening quality of life (QOL), and social and occupational impairments [3] . Given these facts, providing an active treatment for insomnia patients would be clinically crucial.
Both of objective and subjective sleep quality in insomnia patients can be improved by pharmacological treatments [4, 5] . So far as it is known, clinical efficacy of hypnotics is minimal for older people with insomnia and the risk of adverse events by using them, such as falls or cognitive impairment, is significantly increased [6] . For these reasons, nonpharmacologic treatments including exercise, cognitive behavior therapy for insomnia (CBT-I), and bright light https://doi.org/10.17241/smr.2018.00248
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therapy are suggested for chronic insomnia [7] . Although CBT-I has been well known to be effective for improving total sleep time (TST) and sleep efficiency (SE), it might have little merit in terms of cost. Exercise has been proposed as an alternative for treating insomnia [8] . Previous studies indicate that participating physical activity or regularly exercising can improve subjective and objective sleep quality, and they can also have positive effects on mood and cognitive abilities [9, 10] . Conversely, a study reported that poorer objective sleep quality was associated with poorer physical activity in older adults [11] .
Sleep is regulated by homeostatic and circadian processes [10] . Circadian rhythms can be synchronized to external time cues called zeitgebers, which include light, timing of meals, physical activity and exercise [12] . In addition to its potent circadian regulation, exercise can be associated with changes in various physiological markers including sleep and hormone [10] . A few studies specifically evaluated the effect of exercise on sleep quality and sleep duration, implicating that exercise can overall contribute to improve the sleep quality [7, 8, 13] . However, previous studies have shown inconsistent findings regarding the relationship between exercise and sleep. A study found the reciprocal relationship between amount of physical activity and subjective sleep quality [14] , but other studies did not [15] . Those inconsistencies may be due to a difference in the intensity or duration of exercise, or in the demographic characteristics across studies.
In general, sleep hygiene guidelines recommend avoiding exercising close to bedtime, for altered circadian rhythms depending on exercise timing can influence sleep negatively [6] . Youngstedt et al. [16] reported that the duration and time of variables related to exercise were the most consistent moderator, by which TST, slow wave sleep (SWS), REM sleep, and REM latency were significantly affected. The degree of light exposure should be considered as another potential factor regarding the effect of exercise on sleep. It has been inferred that the improvement of sleep quality through outdoor exercise with light exposure could be influenced by light exposure rather than by exercise itself [17] . A study applied non-pharmacological different strategies for chronic insomnia patients showed that light treatment group had a greater improvement in TST compared to exercise treatment group [18] . Passoss et al. [19] , who conducted polysomnography on insomnia patients, found the significant reduction of sleep latency (SL) and wake time after sleep onset (WASO) and enhancement of SE after 6 months of aerobic exercise, suggesting aerobic exercise can have a positive effect on sleep. This study also reported the improved QOL and reduced mood symptoms like anxiety or depression following exercise. Most previous studies have investigated the effect of exercise on sleep through an intervention protocol focusing on insomnia patients or athletes. Thus, there was a limit to understanding the effect of exercise on sleep in general adults.
First, we aimed to compare the differences in subjective sleep quality, objective sleep parameters, and QOL according to the exercise duration in community-dwelling adults. Second, we were to compare the subjective sleep quality and objective sleep parameters between the normal control (NC) group, and the insomnia group with exercise and insomnia group without exercise. Third, we were to compare differences in subjective sleep quality and objective sleep parameters between the morning exercise group (EG) and afternoon EG, and those between the morning outdoor EG and afternoon outdoor EG, respectively.
METHODS

Subjects
This study was conducted by Kangwon National University Hospital Sleep Center from September 2013 to October 2015, on adults over 18 years of age who visited to the Hongcheongun, Hoengseong-gun, and Hwacheon-gun Health Centers in Gangwon-do. The questionnaires including the Korean version of Morningness-Eveningness Questionnaire (MEQ-K) [20] , Pittsburgh Sleep Quality Index (PSQI) [21] , Korean version of Epworth Sleepiness Scale (KESS) [22] , Hyperarousal Scale (HAS) [23] , Beck Depression Inventory (BDI) [24] , and Short Form-12 Health Survey Questionnaire (SF-12) [25] were administered to each participant in addition to getting the demographic data like age, gender and education. In addition, questions about exercise such as the duration and timing of exercise as well as the place of exercise (outdoor or indoor).
The diagnosis for insomnia group followed the International Classification of Sleep Disorder, 2nd edition, 2005 (ICSD-2), using questions to recall their experiences for the past month regarding difficulty initiating sleep, difficulty maintaining sleep, early morning awakening, and non-restorative sleep. Subjects who responded "often" (3-4 days/week) or "almost every day" (more than 5 days/week) to one or more questions were included into the insomnia group. We excluded the subjects with irregular sleep-wake cycle due to shift work, those with the diagnoses of major depressive disorder, alcohol dependence or other substance abuse, and those with sleep disorders other than insomnia, according to the Diagnostic and Statistical Manual of Mental Disorder, 4th edition, Text Revision (DSM-IV-TR) [26] . We also excluded those who were taking hypnotics and had a history of cerebrovascular disease or an evidence of other neurological disorders, and those with cardiovascular disease, chronic pulmonary disease, chronic renal disease, malignant tumor, or uncontrollable diabetes or hypertension. When any subjects scored 12 or above on KESS, or 20 or above on BDI, phone interviews by a psychiatrist were conducted to exclude them from the study. Among 257 participants, 139 insomnia patients (age: 64.2 ± 11.4 yr) and 84 NC subjects (age 56.2 ± 13.9 yr) were included in our final analysis.
The study protocol was approved by the Institutional Review Boardat Kangwon National University Hospital (2013-06-010-017). Written informed consent was obtained from each enrolled participant. All procedures were performed in accordance with the principles outlined in the Declaration of Helsinki.
Sleep Parameter Analysis
All eligible participants wore Actiwatch-2 (Philips Respironics, Murrysville, PA, USA) for 7 days beginning at 6 p.m. on the initial day of measurement, and completed a sleep dairy during this time. For actigraphy, 1 sampling epoch was set to 1 min, and Actiwatch Communication and Sleep Analysis Software (Actiware version 6.0.2, Philips Respironics) were used. Automated analysis by the software was used to obtain the results for night sleep parameters, including time in bed (TIB), TST, SL, SE, WASO, and fragmentation index (FI) which quantifies physical activity during sleep. Of the final sample 223 subjects who completed the survey, sleep parameters of 183 subjects were analyzed after excluding 15 who refused to wear the actigraph, 13 whose data were not recorded due Actiwatch malfunction, battery depletion, or software error, 11 who did not complete or incorrectly completed the sleep diary, and 1 with excessive duration of not wearing the equipment during the measurement period.
Statistical Analysis
Demographic characteristics, sleep need and caffeine intake of the EG and non-exercise group (non-EG) were compared using the t-test or χ 2 -test. Analysis of covariance (ANCOVA) adjusting for BDI was done to compare all questionnaires.
Subjects were divided according to the exercise duration into the non-EG, EG with 60 minutes or less, and EG with more than 60 minutes. ANCOVA was used to compare the scores of sleeprelated questionnaires and sleep parameters. Bonferroni correction was used for post-hoc analysis. For the comparison of those between the NC group, insomnia group with exercise, and insomnia group without exercise, ANCOVA was also done.
According to the timing of exercise, the EG was categorized into the morning EG if their exercise was done before the noon, and into the afternoon EG if done after the noon. ANCOVA was conducted on the sleep-related questionnaire adjusting for BDI, and sleep parameters adjusting for MEQ-K and BDI. In addition, the same analysis was conducted for the morning EG and afternoon EG in the outdoor EG.
All statistical analyses were conducted using SPSS 18.0 version (SPSS Inc, Chicago, IL, USA), and statistical significance was determined using p-value of less than 0.05.
RESULTS
In this study, there were no significant differences in the mean age, gender, BDI score, sleep need, caffeine intake and the ratio of insomnia diagnosis between the EG and non-EG, but the education level of the EG was significantly higher than the non-EG (p = 0.01) ( Table 1) .
Comparing the non-EG, EG with 60 min or less and EG with more than 60 min, the EG with more than 60 min showed significantly higher HAS and Physical Component Summary (PCS) than the non-EG or EG with 60 min or less (p < 0.01, p < 0.01), and the EG with 60 min or less showed significantly higher Mental Component Summary (MCS) than the non-EG or EG with more than 60 min (p = 0.02). There were no significant differences in the MEQ-K, KESS, and PSQI, as well as in bed time (BT), wake time (WT), mid sleep time (MST), TIB, TST, SL, SE, WASO and FI between the three groups ( Table 2) .
Comparing the NC group, insomnia group with exercise, and insomnia group without exercise, there was no difference in PSQI scores between the insomnia group with exercise and insomnia group without exercise. The KESS scores were significantly higher in the insomnia group with exercise than NC group (p = 0.03), and the PCS was significantly higher in the insomnia group with exercise than insomnia group without exercise, but showed no difference when compared to the NC group (p < 0.01). There were no significant differences across the three groups in the MEQ-K, HAS, or MCS (Table 3) . Analyzing the sleep parameters of the three groups, MST was significantly earlier in the insomnia group than the NC group (p = 0.01). The insomnia group differed significantly from the NC group in SE and WASO (p < 0.01, p = 0.01), and these variables did not differ between the insomnia group with exercise and insomnia group without exercise. There were no significant differences across the three groups in BT, WT, TIB, TST, SL, or FI (Table 3) .
The morning EG scored higher on the MEQ-K than the afternoon EG (p < 0.01), and the two groups did not differ significantly on the KESS, PSQI, HAS, PCS, or MCS (Fig. 1A) .
Moreover, in the case of outdoor exercise, the morning EG scored significantly higher on the MEQ-K (p = 0.01), and the afternoon EG scored significantly lower on PSQI and significant- Values are shown as mean ± SD or ratio. *p < 0.05 (independent t-test, † χ ly higher on the KESS (p < 0.05, p = 0.04). The two groups did not differ significantly on the HAS, PCS, or MCS (Fig. 1B ). There were no significant differences between the morning EG and afternoon EG in objective sleep parameters. In the case of outdoor exercise, there were also no significant differences between the morning EG and afternoon EG in objective sleep parameters (Table 4) .
DISCUSSION
In this study, while there were no significant differences in age and gender between the EG and non-EG, the duration of education was significant higher in the EG (Table 1) . In general, studies have shown that as the occupational, educational and income levels increase, subjective health status and health behaviors such as exercise also increase [27] , and this study shows the same results.
In this study, no significant differences were observed in insomnia diagnosis rate and sleep need between the EG and non-EG (Table 1 ). In general, regular exercise has a positive effect on improvement of sleep disorder, and the frequency of insomnia is about 40% lower for those who engage in relatively large amounts of physical activity compared to those who do not [28] . In addition, although studies have shown that frequency of sleep disorder is lower for adults who exercise at least three hours a week [29] , since these studies are cross-sectional studies, it is limited to conclude the causal relationship between exercise and sleep.
In this study, subjective sleep quality based on PSQI scores and objective sleep parameters did not differ significantly among the three groups by exercise duration ( Table 2) . Previous studies on exercise varied in the study design including the participants' age and health status, as well as the type, intensity or duration of exercise, showing inconsistent study results [14, [30] [31] [32] . Several studies assessing the effect of aerobic exercise in adults have demonstrated positive benefits of exercise to sleep quality. A study for 13 community dwelling older adults showed that acute exercise following fitness training decreased WASO and resulted in a 71% increase in SWS during subsequent sleep in comparison with the nonexercise condition in spite of a relatively small sample size [31] . These findings suggested daily exercise might be beneficial for sleep continuity and depth in the elderly. Furthermore, positive changes in sleep architecture in- cluding SE have been found for adolescents as well as the elderly [33, 34] . A large epidemiological study also showed that inactive participants had a higher risk of incident insomnia, highlighting the importance of physical activity to avoid insomnia among adults [32] . There was no significant difference in KESS scores as well as PSQI scores (Table 2 ). In general, daytime sleepiness can be a consequence of disturbed nocturnal sleep. It would be more plausible to show no group-difference in the severity of sleepiness as well as nocturnal sleep parameters in our study.
However, in this study, the EG with more than 60 min showed significantly higher HAS than the non-EG or EG with less than 60 min (Table 2) . Hyperarousal is a key component in insomnia disorder, and cortisol level can be measured as a marker reflecting physiological hyperarousal [35] . A previous study showed the swimmers with overtraining had elevated cortisol levels, implicating that excessive exercise may lead to increased physiological hyperarousal [36] . Thus, our finding suggests subjects with exercise exceeding 60 min have a higher hyperarousal than those with exercise below 60 min. Nevertheless, further study is required to investigate the difference in physiological markers reflecting hyperarousal by exercise duration in order to clarify this possibility.
In our study, it is likely that the longer exercise was associated with the higher level of arousal, irrespective of changes in the daytime sleepiness.
In this study, PCS scores were significantly higher in the EG with more than 60 min, while MCS scores were significantly higher in the EG with less than 60 min than the EG with more than 60 min (Table 2) . Wendel-Vos et al. [37] reported that physical QOL is improved through exercise in a general population, supporting our result that the physical QOL was significantly higher in subjects with exercise exceeding 60 min than in those with no exercise or exercise below 60 min. However, our study showed that the mental QOL in subjects with exercise of longer duration exercise was worse compared to that in subjects with exercise of shorter duration exercise. A previous study reported depression was significantly worsened during overtraining in swimmers [36] , suggesting excessive exercise may lead to increased psychological distress.
Through an additional analysis to investigate the relationship of sleep quality with QOL in our study, we found PSQI scores were negatively correlated with PCS scores (r = -0.27, p < 0.01, partial correlation analysis controlling for BDI), but they were not significantly correlated with MCS scores. Although we found no difference in sleep quality among the three groups by exercise duration, this finding suggests that physical well-being, which was higher in our EG with more than 60 min, can be associated with good sleep quality rather than psychological well-being. This study showed no difference in PSQI scores and objective sleep parameters between the insomnia group with exercise and insomnia group without exercise (Table 3) . Previous intervention studies have shown improvements in subjective sleep quality and objective sleep parameters after aerobic exercise of three times a week for 4 months or 6 months, based on exercise guidelines established for local residents complaining of insomnia [19, 38] , being different from our result. The type of exercise was not distinguished in this study, limiting the comparison of our result with previous ones. In this study, the KESS scores of the NC were significantly higher than those of insomnia group without exercise (Table 3) . Although it may be expected that daytime sleepiness will occur to compensate for sleep deprivation in insomnia patients, it has been reported that daytime sleepiness may decrease due to the disrupted sleep homeostasis [39] . In this study, the degree of hyper-arousal indicated by the HAS was observed to be higher in the insomnia group than the NC group, although the difference was not statistically significant.
In this study, MST was significantly advanced in the insomnia group than the NC (Table 3) . A previous study has reported that morning type becomes dominant as age increases after the age of 20 [40] . In this study, it could be interpreted that morning preference was shown in the insomnia group because the insomnia group were significantly older on average than the NC group. This study showed that PCS scores of the EG was significantly higher than those of the non-EG among insomnia patients (Table 3) . Previous studies have shown a decrease in physical and mental QOL in insomnia patients, with impairment in physical domains especially prominent. [41, 42] In addition, a previous study has reported that physical QOL increased in the insomnia group with exercise compared to the insomnia group without exercise [43] , supporting the results of this study.
In this study, there was no difference in MCS scores according to whether they do exercise or not among insomnia patients (Table 3) . While Passos et al. [19] reported an improvement in physical and mental QOL after aerobic exercise in insomnia patients, Reid et al. [43] reported that there was no change in mental QOL after exercise. In this study, there was no difference in subjective sleep quality and QOL between the morning and afternoon EG (Fig. 1A) , and no difference in objective sleep parameters (Table 4) . Previous research on insomnia patients reported no difference in subjective sleep quality, objective sleep parameters and QOL, when compared the effect of exercise for 6 months in the morning EG with that of the afternoon EG [19] . While most previous studies on exercise timing have reported that morning (7 AM) exercise is beneficial for improving overall sleep quality as acute exercise effects on sleep [44] , there was a report that afternoon exercise increases sleep time and improve sleep quality in insomnia patients [6] .
This study demonstrated that there was a significant decrease in the PSQI and increase in the KESS in the afternoon outdoor EG compared to the morning outdoor EG (Fig. 1B) . Previous studies have reported that continuous exposure to bright light improves sleep [45] and the effect of light exposure on sleep is stronger than the effect of exercise on sleep [18] . In general, exercise in late afternoon is recommended to improve sleep hygiene [6] . This study showed no difference in sleep parameters between the morning outdoor EG and afternoon outdoor EG (Table 4) . Murray et al. [17] reported that, when engaging in outdoor exercise, SE improved in the morning outdoor EG, and that light exposure has potential effect on exercise levels and sleep quality. However, this study examined an acute effect of exercise, which would be different from ours. In outdoor exercise, the effect by the type or intensity of physical activity must be considered in addition to light exposure. Therefore, this study is limited in explaining the changes in objective sleep parameters due to only the timing of outdoor exercise.
The followings are limitations of this study. First, this study was conducted for rural residents only, so it is difficult to generalize the results to the entire population including urban residents. Second, this study included community-dwelling insomnia patients of relatively mild degree rather than insomnia patients who visited the hospital, resulting in the possibility that the differences in subjective sleep quality, objective sleep parameters, and QOL from exercise are not prominent. Third, this study may be limited in explaining the changes in sleep parameters because of not taking into account the effect of physical activity itself in addition to light exposure through outdoor exercise. Despite these limitations, this study is meaningful in that it attempted to examine the relationship of exercise with subjective sleep quality and objective sleep parameters, across the duration and timing of exercise in community-dwelling adults.
In this study, there were no differences in subjective sleep quality and objective sleep parameters across exercise duration, but physical QOL was higher when exercising more than 60 minutes during the day and metal QOL higher when exercising less than 60 minutes. Physical QOL was higher in the insomnia group with exercise as well. In addition, subjective sleep quality was higher in the afternoon outdoor EG when engaging in outdoor exercise. 
